We present a digital model SibCrust of the crustal structure of the Siberian craton (SC) and the West Siberian basin (WSB), based on all seismic profiles published since 1960 and sampled with a nominal interval of 50 km. Data quality is assessed and quantitatively assigned to each profile based on acquisition and interpretation method and completeness of crustal model. The database represents major improvement in coverage and resolution and includes depth to Moho, thickness and average P-wave velocity of five crustal layers (sediments, and upper, middle, lower, and lowermost crust) and Pn velocity. Maps and cross sections demonstrate strong crustal heterogeneity, which correlates weakly with tectono-thermal age and strongly with tectonic setting. Sedimentary thickness varies from 0-3 km in stable craton to 10-20 km in extended regions. Typical Moho depths are 44-48 km in Archean crust and up-to 54 km around the Anabar shield, 40-42 km in Proterozoic orogens, 35-38 km in extended cratonic crust, and 38-42 km in the West Siberian basin. Average crustal Vp velocity is similar for the SC and the WSB and shows a bimodal distribution with peaks at ca. 5.4 km/s in deep sedimentary basins and~6.2-6.6 km/s in parts of the WSB and SC. Exceptionally high basement Vp velocities (6.8-7.0 km/s) at the northern border between the SC and the WSB indicate the presence of magmatic intrusions and are proposed to mark the source zone of the Siberian LIP. The cratonic crust generally consists of three layers and high-velocity lowermost crust (Vp~7.4 km/s) is observed only locally. Pn velocities are generally~8.2 km/s in the SC and WSB and abnormally high (8.6-8.9 km/s) around kimberlite fields. We discuss the origin of crustal heterogeneity and link it to regional crustal evolution.
Introduction
Secular evolution of the crust and the mantle is closely related, and structural and compositional heterogeneity of the crust is essentially controlled by plate tectonics and mantle dynamics. Knowledge of the origin and evolution of the continental crust is compulsory for understanding of Earth evolution in general. Information on the crustal structure is further crucial for studies of the subcrustal lithosphere and the sublithospheric mantle, given that crustal structural heterogeneities effectively mask and distort mantle compositional anomalies as reflected, in particular, in seismic surface-wave tomography and gravity models. For this reason, it is essential to correct most geophysical data for the crustal effects prior to analysis for the mantle component of the anomalies.
Direct sampling of the deep crust has limited coverage, but provides key information on the composition and physical properties of crustal rocks. Laboratory-based information on the composition of the crust originates largely from crustal xenoliths brought to the surface by magmatic events (Downes, 1993; O'Reilly and Griffin, 1985; Rudnick and Fountain, 1995; Shatsky et al., 2005) and from several, although limited in number, slices of deep crust exposed by collision tectonics and impact events, such as the Kapuskasing terrane in Canada, the Vredeford impact crater in South Africa, the Ivrea zone in the Alps, and the Western Gneiss region in Norway. Given the limited spatial crustal sampling by xenoliths and the small number of tectonically exposed crustal sections, globally the structure of the continental crust is primarily known from geophysical data. These data are chiefly based on seismic studies (initially based on reflection and refraction profiles, supplemented more recently by receiver function (RF) studies and surface wave tomography), gravity modeling, and borehole data for the shallow crust.
The vast amount of seismic data collected worldwide in different tectonic settings, since the early crustal databases (Macelwane, 1951) has led to the recognition of specific crustal structures typical for various tectonic settings; a decade later they were systematically averaged and typical crustal cross-sections were derived (Closs and Behnke, 1963) . Since then, this approach has become increasingly popular, in particular due to the growing demand for global seismic studies of the (first-order, at least) crustal structure even in regions without detailed geophysical data coverage. In such regions, some first-order constraints on large-scale structural properties of the crust (such as Moho depth) can be inferred from the tectonic evolution of a particular region. Such an approach is based on the widely adopted hypothesis that the structure of the continental crust is essentially controlled by its age and tectonic settings (Jarchow and Thompson, 1989; Mooney et al., 1998) . However, significant deviations from generally accepted patterns are also very common (e.g. Artemieva et al., 2006; Clowes et al., 2002) . In particular, recent high-resolution seismic studies of Precambrian cratons have demonstrated the presence of highly heterogeneous crustal structure even on small scale. For example, in the Kaapvaal craton of South Africa the depth to Moho varies from 35 km to 44 km over a distance of ca. 100 km and, due to strong compositional and structural heterogeneity of the crust, these variations are poorly correlated with variations in the Poisson's ratio (Nair et al., 2006; Youssof et al., 2013-this volume) . Similar observations are reported in detailed seismic surveys from other tectonic settings.
Two widely used global crustal models, CRUST 5.1 and CRUST 2.0 (Bassin et al., 2000; Mooney et al., 1998) are largely based on seismic reflection-refraction data available by 1995 (Christensen and Mooney, 1995) , complemented by other data sources on the thickness of sediments. These models are constrained by statistical averaging and tectonic regionalization of the available seismic models on regular grids used to fill-in the "white spots" where data are not available and, together with a significant number of regional databases of the crustal structure, they are important tools for modeling mantle velocity and density heterogeneities. Despite unquestionable advantages provided by global crustal models, they have limitations:
(1) Spatial averaging over cells with dimensions of a few hundred kilometers smears lateral variations in the crustal structure and reduces the amplitude variation of seismic velocities and thicknesses of various crustal layers, as well as total crustal thickness. The situation is similar to a low-resolution topographic map of an orogen where high peaks and deep valleys are averaged into a smooth picture. (2) Spatial averaging may lead to artifacts in regions with strong crustal heterogeneity, in particular because data acquisition often targets at tectonically "exciting", read anomalous, structures.
Given the above limitations, the accuracy and uncertainty of the two existing global crustal models cannot be assessed, even though they have been indirectly tested by global tomographic inversion (e.g. Mooney et al., 1998) . For Siberia, the sparse sampling by teleseismic data prevents such a test, as it will be basically unconstrained by seismic data. The accuracy of the CRUST 2.0 model in each cell is estimated to be within 1.0 km for the sediment thickness and within 5 km for the crustal thickness (http://igppweb.ucsd.edu/~gabi/crust2.html). It is also clear that regional high resolution geophysical modeling requires high resolution regional crustal models. Additionally, such regional crustal databases would provide critical information for verifying the accuracy of global crustal models, updating the global statistics on the crustal structure that forms their basis, and potentially updating the global crustal models.
This study reports a new, independent compilation of the crustal structure of Siberia, SibCrust, based on all available seismic models for the region. The study area is limited to the area 60-132E and 50N-75N, and includes two major tectonic provinces, the largely Paleozoic West Siberian basin (WSB) and the Precambrian Siberian craton (SC). It extends from the Ural mountains in the west to the Lena river and the Verkhoyansk Ridge in the east, and from the Arctic shelf in the north to the Central Asian mountain belt in the south (Fig. 1) .
We provide a brief history of seismic studies in Siberia, followed by a summary of seismic data coverage, a description of the database structure, and a description of the adopted quality criteria for seismic data acquisition and interpretation. Maps and histograms illustrate the database and are used as background for discussion of major features of the crustal structure in the West Siberian basin and the Siberian craton, which we link to the tectonic evolution of the region over ca. 3.6 Ga. The compiled database is analyzed statistically in relation to crustal age and is compared to results from other regions with similar tectonic settings.
Seismic data coverage in Siberia

An overview of regional seismic surveys
A systematic study of seismic structure of the crust using a wide range of DSS (deep seismic sounding) techniques began in the Soviet Union in the early 1950s (Table 1) . DSS profiles recorded in some parts of Eastern (SC) and Western (WSB) Siberia prior to the 1960s were shorter than 300 km. In the late 1960s, the differential seismic sounding (pseudo 3D sounding) method was applied in a large exploratory seismic study of the southern West Siberian basin and in an areal study of the Siberian craton Puzyrev and Krylov (1977) . The number of high resolution DSS profiles increased in the 1970-1980s, although low resolution DSS profiling still dominated. High resolution seismic profiling, initiated in the late 1970s, was initially carried out mainly along short profiles designed for crustal studies only and often only for the sedimentary cover. Between 1965 and 1988, 122 peaceful nuclear explosions (PNE) were detonated in the USSR for different scientific applications (Sultanov et al., 1999) . The major part of the PNE program was a deep seismic survey on a network of long range geotraverses (3000-4500 km long seismic profiles) that cross diverse geologic structures of Eurasia and provide unique information on the deep crustal and mantle structure down to 700 km depth (Mechie et al., 1993; Morozova et al., 2000; Thybo et al., 2003a) , and in a few cases even to the coremantle boundary (Thybo et al., 2003b) . Chemical shots were additionally used along the PNE profiles as source to obtain crustal structure along the same profiles. The technical parameters, such as the number and spacing of chemical shots and recorders, together with progress in instrumentation and in interpretation methods determine the quality Fig. 1 . Topography of the West Siberian basin (WSB) and the Siberian craton (SC) based on ETOPO1 (Amante and Eakins, 2009 ). The map shows the boundaries of the WSB and the SC, the known and suspected Proterozoic and Paleozoic rift-graben structures (after Aplonov, 1995; Pavlov, 1995; Surkov and Smirnov, 2003; Zonenshain et al., 1990) , major sedimentary basins and basement highs, relict oceanic basins of the WSB (Nadym, Surgut, and Nyurol), and major kimberlite fields of the SC. Abbreviations for rift-grabens of the WSB: A, Agan; Ch, Chuzik; K-U, Koltogory-Urengoi; Khs, Khudosei; Kht, Khudottei; UT, Ust-Tym. Other abbreviations: LA trg.-Lena-Anabar trough; NZ-Novaya Zemlya; OH-Olenek High; FB-fold belt. The letter and color code for the kimberlite fields refer to the emplacement age (S1 = 420 Ma, D2 = 380 Ma, C1 = 340 Ma, T1 = 245-240 Ma, J1 = 170 Ma, K1 = 140 Ma) (after Griffin et al., 1999) . of the crustal seismic models (Table 1) . Consequently, the resolution of the crustal structure significantly differs between and even along the PNE profiles (Figs. 2, 3) .
A significant strength of the DSS studies in the USSR was standardization, both in experimental techniques and in interpretation, since they were carried out by a small number of research groups (e.g. Ryaboy, 1989) . This led to a systematic program of seismic exploration of the entire country and not only in regions of economic potential. An unquestionable advantage of the Soviet seismic program is the reversed and overlapping profiling method which allows direct interpretation of laterally heterogeneous structure. A weakness is that interpretations of the very early studies are available only as low quality graphical presentation of the results (i.e. maps are schematic, with only few details and often without coordinates and scales, the cross sections are hand-drawn, and the seismic data are interpreted without use of computer-based ray tracing; the latter two concerns are also the case for other contemporaneous seismic interpretations worldwide).
Previous compilations of crustal structure
The first compilations of regional crustal databases for Siberia go back to the 1970s and 1980s and are available as maps showing the thickness of sediments and the Moho depth (Bazanov et al., 1976; Belyaevsky, 1973; Kontorovich et al., 1975; Kovylin, 1985; Kunin and Ioganson, 1984; Rudkevich, 1974; Savinsky, 1972) . These crustal maps are based not only on the available seismic data but also include borehole data for the sedimentary cover and potential field constraints for areas which were not covered by seismic surveys. These original maps have been reproduced, with minor modifications, in numerous later publications, often without credit to the original maps. Over the past 30-40 years, significant advances have been made in seismic studies by development of data acquisition and interpretation methodologies (Tables 1, 2 ). The coverage of Siberia by seismic surveys and deep drilling has also significantly improved since the first regional crustal models were derived. Surprisingly, major features of the crustal and sedimentary thickness variations have been correctly recognized already in those early regional crustal models.
There are three relatively recent (and, in general, not publically available) crustal compilations for the territory of Siberia. (1 & 2) Two very similar compilations of Russian geological surveys, GEON and VSEGEI (Erinchek, 2009; Kostyuchenko, 2000) , include only data on the thickness of the sedimentary cover, depth to Moho, and Pn velocity, without information on the velocity structure of the crust. These compilations, available as interpolated maps, represent a development of the crustal models of the 1970-1980s and are based on a combination of seismic and potential field constraints, complemented by borehole data and tectonic information. An advantage of the approach is that the entire territory, including areas without seismic data coverage, is included into the crustal model. However, a significant disadvantage is that such compilations cannot be applied for gravity modeling, given that a significant part of the crustal structure is derived from the gravity field.
(3) In contrast to the compilations of VSEGEI and GEON, a continuing USGS compilation of seismic profiles worldwide (Mooney and Detweiler, 2005 ) also includes detailed information on the velocity structure of the crust. Seismic profiles included in this database by the mid-1990s formed the basis for the coverage of Siberia in the two global crustal models, CRUST5.1 and CRUST2.0 (Bassin et al., 2000; Mooney et al., 1998) . Specifics of Soviet publications cause problems in the USGS compilation for the territory of Russia. Firstly, the results of many Soviet seismic surveys were published only in annual or field reports of various national organizations and are not generally available and thus are not included into the compilation. Secondly, even publications of seismic profiles in scientific journals usually do not provide their exact location. As a result, many Soviet seismic profiles are missing in the USGS database or are significantly misplaced (in some cases by some hundreds of kilometers, as in case of the ultra-long range PNE profiles). An inclusion of any published crustal model, without quality assessment, into a compilation also has a drawback, in particular with respect to the velocity structure of the crust as reported in the early studies (for details see Section 3). Our compilation compensates to a large degree for all these problems.
Our study was provoked by a significant discrepancy between the crustal models of Siberia as demonstrated by a comparison of the compilations of VSEGEI, GEON, and USGS. Differences amount to 10 km for Moho depth and 1-3 km for the thickness of sediments. These differences may lead to systematic errors when used in surface wave tomography models and potential field modeling. Consequently, the use of these models for the crustal structure of Siberia may question the results of recent geophysical studies, such as the gravity modeling results for the West Siberian basin (Braitenberg and Ebbing, 2009) and the seismic tomography model of the West Siberian basin and the Siberian craton (Priestley and Debayle, 2003) . This situation motivated us to initiate a new compilation of the crustal structure of Siberia from scratch, without making use of any previous compilation.
3. New database of the crustal seismic structure, SibCrust
Our goal is to constrain a trustworthy regional crustal model, justified by available and reliable seismic models. To avoid the problems of previous compilations, we have adopted the following strategies (see details below):
• to digitize all available and reliable seismic models for the region;
• to apply quality criteria as defined by seismic data acquisition and interpretation methods; • to exclude models with uncontrolled quality and uncertainty such as crustal models for regions without seismic data, crustal models based on gravity modeling and/or tectonic similarities, and crustal models published as interpolated contour maps but not along seismic reflection/refraction profiles.
Data sources and digitizing strategy
The data set used in the compilation includes all available published seismic reflection, refraction and receiver function interpretations of regional seismic data acquired since the late 1960s until present (Table 3) . To ensure full coverage of the existing seismic profiles in Siberia, the locations of digitized profiles were compared with the all-Russian compilation of seismic profiles by VSEGEI (Erinchek, 2009) . Our new crustal database includes almost all (except for a few very old and publically unavailable) seismic profiles that exist for Siberia with the total length of digitized profiles ca. 58,000 km.
The new crustal database is based on approximately 50 publications. Importantly, this small number does not reflect the total number of publications that we have used, which is several times larger. It includes the vast number of research articles published since the 1970s in Russian and international scientific journals and Table 1 ). (a) An example of a profile with a complete crustal information and high quality acquisition and interpretation (profile 1 in Table 3 , Suvorov et al., 2006) . (b) An example of an average quality profile with partial crustal information (profile 6 in Table 3 , Zverev and Kosminskaya, 1980) . (c) An example of a poor quality profile with incomplete information on the crustal inner structure and low quality of seismic model (profile16 in Table 3 , Kostyuchenko, 2000) . (d, e) Two crustal models for the long-range PNE profile RIFT (profile 30 in Table 3) based on the same seismic data illustrating differences in seismic models interpreted at different time: (d) the model of Egorkin et al. (1987) ; (e) ray tracing interpretation by Pavlenkova et al. (2002) . books, as well as numerous open-file reports and dissertations from various Russian organizations, including a few models from the 60s when no later interpretations are available. Note that publications which reproduce (sometimes several times by the same authors) seismic models with no or only minor changes as compared to the first original publication are excluded from our reference list. Several publications present interpretations of many seismic profiles, such that the total number of profiles is larger than the number of original publications.
For many seismic profiles, several (and sometimes notably different) seismic models constrained by different research groups are available. In such cases, only one seismic model per profile is incorporated into the database and selected from reliability criteria (see below), although in some cases our choice is inevitably subjective. Commonly, when several crustal models are available the most recent interpretations were preferred, since generally they are of higher quality (Fig. 2) . In general, the old interpretations of Moho depth are in a good agreement with the most recent interpretations, but the details of the crustal structure may notably differ. Recent interpretations of the old seismic data demonstrate the high quality of the original seismic material and its high potential for a high resolution interpretation (Morozov et al., 2002; Suvorov et al., 2005 Suvorov et al., , 2006 .
Structure of the database
Following both seismic practice and petrologic structure of a typical continental crust, the new crustal model SibCrust consists of five layers: sediments, the upper crust, the middle crust, the lower crust, and the high-velocity lowermost crust (where recognized). Additionally, the Pn velocity at the top of the upper mantle is included. Each layer is characterized by two parameters: thickness and average P-wave velocity. Thus, each entry in the database is specified by 11 parameters which describe the crustal structure at that location. The subdivision of the crustal structure into the crustal layers is largely based on the typical Vp velocities as reported in global and regional crustal models:
• b 5.8 km/s in sedimentary strata (note that the commonly adopted boundary value of 5.6 km/s is not used because of widespread occurrences of limestones with Vp = 5.4-5.7 km/s), Fig. 3 . Overall quality of the crustal database based on available seismic models. Shading illustrates the overall quality of the crustal model based on both model quality (criteria A-C) and model completeness (criteria 1-3). This information is presented for a 2°× 2°interpolation grid which corresponds to interpolation procedure used to constrain all other maps. Seismic profiles which were included into the database are numbered according to Table 3 where typical model quality is given for each profile; color code shows the completeness of model information on the crustal inner structure along the individual profiles (see Fig. 2 for examples and Section 3.3 for details). Egorkin et al. (1987) , Romanyuk (1995) , Pavlenkova et al. (1996) , Solodilov (1997) , Nielsen et al. (1999) , Egorkin (1999) Mechie et al. (1993) , Kostuychenko and Egorkin (1994) , Ryberg et al. (1996) , Schueller et al. (1997) , Morozov et al. (1998 ), Egorkin (1999 , Pavlenkova (2000) , Pavlenkova and Pavlenkova (2006) Beloussov et al. (1991 ) 6, 7 WSB 1969 1950 , 1900 C CS Moho Zverev and Kosminskaya (1980 ) Krylov et al. (1974a , Puzyrev and Krylov (1977) Gao et al. (1994) , Zorin et al. (1995) Steer et al. ( , 1998 , Echtler et al. (1996) , Puchkov (1997) , Carbonell et al. (1996) , Suleimanov ( CS-chemical shots, PNE-nuclear peaceful explosions, EQ-earthquake source. a Quality-see details in Table 1 . Profile locations and their quality as marked here are shown in Fig. 3 . b Key reference-publications from which seismic models included to the database were primarily digitized. c Additional references-publications (i) where the same seismic models as in the key reference, or their parts, were republished, with no or only minor modifications, (ii) with older and less reliable interpretations based on the same seismic data as seismic models in the key reference, (iii) where the same seismic models as in the key reference, or their parts, are presented as a geological, compositional, or density interpretation. The information from additional references was occasionally used as supportive material (e.g. to better constrain profile location).
• 5.8-6.4 km/s in the upper crust (UC), • 6.4-6.8 km/s in the middle crust (MC), • 6.8-7.2 km/s in the lower crust (LC), and • 7.2-7.8 km/s in the lowermost crust (LMC).
In cases where seismic reflectors are observed from refractionwide-angle reflection surveys, we adopted the crustal layers as identified in the original studies regardless of Vp velocity values in the layers.
Seismic models were digitized along the profiles (see Fig. 3 for data coverage) with a sampling step of 50 km where the crustal structure is smooth, and denser in regions with short wavelength variation in any of the crustal properties. This procedure ensures that the spatial resolution of the database is comparable with the resolution of the original seismic models. Cross-points between seismic profiles are a special problem. At some cross-points (the most notable is near Norilsk, at ca. 88E/70N), seismic models based on data acquired and interpreted at significantly different time or by different groups, do not agree and may differ by up to 10 km for the crustal thickness. Although one cannot exclude some effect of anisotropy, in such places we primarily use the most recent interpretation for the crustal structure at cross-points (clearly, the results based on ray-tracing are preferred to old interpretations) and avoid duplicate crustal models for the same location.
Criteria adopted for quality control of the seismic model
Seismic data for Siberia, as for any other region, are of uneven quality due to objective data acquisition differences and subjective interpretation limitations. Therefore information on model quality requires special attention, and it is incorporated into the new database. Generally, the depths to the top of the basement and Moho are the most reliable parameters determined in the earliest and all consequent seismic models.
The reliability of the crustal structure (seismic models) is essentially different for data acquired at different time and interpreted by different methods. For this reason, as our first-order approach, the quality of digitized seismic models is assessed by the time of data acquisition field campaigns and by the time and method of data interpretation. Based on the combination of these two factors, each point digitized from a seismic profile is assigned a subjective quality index on a scale from A (the highest) to C (the lowest) (the details are specified in Table 1 , quality typical for each digitized profile is indicated in Table 3 ). An additional quality parameter, on a scale from 1 (the highest) to 3 (the lowest), is used to characterize the completeness of the crustal model at each digitized point (Fig. 3) . The criteria adopted for assessment of quality and completeness of seismic model are briefly discussed below and are further illustrated by four examples (Fig. 2) .
(1) Time and method of data acquisition ( Table 2 ). Most of the earliest (prior to mid-1970s) data acquisition was carried out with 1-component recorders and poor lateral resolution. While the inner crustal structure is poorly resolved in these profiles (intracrustal boundaries are often discontinuous, with lateral gaps up to 250-300 km), the depths to the Moho and the top of the basement are resolved well with an accuracy of 1-2 km (Fig. 2a) . Later acquisition campaigns, defined by new exploration tasks, built on technical progress in both automation and processing and resulted in better constrained crustal models (Fig. 2b ). (2) Time and method of data interpretation (data processing methods) ( Table 1 ). The earliest (pre-1970) interpretations were 1-D, and often involved a systematic interpretation error because secondary (sometimes sub-critical) reflections were interpreted as refracted (head) waves (assigned quality C). The result is a systematic overestimation of mid-crustal velocities.
The arrival times were used for tracing crustal boundaries and for estimating layer velocities from their slopes; these velocities were then equated to the velocities in the strata down to the next crustal boundary. As a result, these velocities are also higher than the true layer velocities. For example, the old sections often indicate seismic Vp velocities of 6.8-7.0 km/s in the middle part of the crust instead of the, later interpreted, characteristic velocities of 6.4-6.5 km/s. Fortunately, new publications on the velocity structure help in the identification of such errors. The accuracy of depth determinations of seismic boundaries and the velocities of elastic waves constrained in the early surveys by pseudo 3-D DSS (termed "point soundings" in Russian literature, quality C) can be assessed from a comparison with the results of drilling and high-resolution continuous seismic profiling made under various conditions. In general, the accuracy is 0.1-1.0 km for the basement depth and 2 km for the depth to Moho and internal crustal boundaries. The accuracy of seismic P-wave velocity is 0.1-0.25 km/s (Krylov et al., 1974a) , which corresponds to the accuracy of high resolution DSS (quality A, Table 1 ). For one profile (C9 in Table 3 ) where crustal structure is complete but only S-wave speed is available, Vs is converted to Vp by assuming Vp/Vs = 1.75. This profile, despite a high quality model interpretation, is considered here as of average quality since the true Vp/Vs ratio along that profile is unknown. (3) Model completeness (Fig. 3) . Completeness of digitized seismic models on the inner structure of the crust means availability of information on thickness of individual crustal layers and their Vp velocity at each digitized point. High completeness (index 1) is assigned to the points with complete information, i.e. where thickness and Vp velocity are known of all crustal layers: sediments, upper crust, middle crust, lower crust, lowermost crust (if present), Moho depth, and Pn velocity. Intermediate completeness (index 2) is assigned to points with information on the depth to the top of the basement and the Moho, with at least one intracrustal boundary, as well as with partial velocity information. Finally, low completeness (index 3) is assigned to points where only the depth to the top of the basement and the Moho are resolved. Depending on original survey geometry and interpretation approach, the internal crustal structure may be well resolved even on some average quality profiles. Since crustal models based on Receiver Function method usually do not constrain internal velocity structure of the crust and have ca. 2-4 km uncertainty for the Moho depth when the velocity structure is not known, they are assigned low quality (C) and poor completeness (3).
The three upper profiles in Fig. 2 illustrate the difference in the completeness of information on crustal inner structure. Many old interpretations (exemplified by Fig. 2c) could not resolve the structure, while improvements in signal processing over the last decades have resulted in a significant improvement of the quality of seismic modeling and interpretations, even for interpretation of old, recently digitized data (Fig. 2a) . The lower profiles (Fig. 2d ,e) illustrate differences in quality of seismic models, based on the same seismic data, but constrained by different interpretation methods. The high quality profile (Fig. 2e) interpreted by modern ray method was included into the database, whereas the same profile with a more detailed information on the inner crustal structure (Fig. 2d) was interpreted by hand, has lower quality, and therefore is used only as a supplementary information.
The overall quality of the entire database is assessed based on the combination of the above mentioned criteria (Fig. 3) . The parameter which characterizes quality of digitized seismic models is interpolated with a 2°radius, which corresponds to the interpolation used to produce all other maps. The lowest accuracy in the resolution of the crustal structure is for the north-eastern part of the Siberian craton where available seismic models have limited quality and completeness.
There is also insufficient seismic information for the south-eastern part of the SC and some parts of the WSB (Fig. 3) . As a consequence, the SibCrust model may be unreliable in these regions.
On the whole, the relatively many high quality seismic models available for Siberia (ca. 80% of the database by profile length) provides the basis for our high quality, the new regional crustal model. Average and low quality models each make ca. 10% of the database. Similar statistics exists for the completeness criteria. The exclusion of crustal models with uncontrolled and unknown errors and uncertainties (e.g. seismic models published as interpolated contour maps but not along seismic reflection/refraction profiles or models based on gravity modeling and/or tectonic similarities) from the compilation allows for maintaining strict quality control of the new regional crustal database.
Interpolation procedure for map presentation of the database
The new crustal database, SibCrust, constrained with at least 50 km spacing along all existing seismic profiles, is presented as a series of maps to illustrate variations in the thickness of sediments, depth to Moho, thickness of individual crustal layers, average velocity structure of the entire crust and the crystalline basement, and upper mantle Pn velocity. The digitized point data, representing the original 2D crustal models were interpolated on 0.5°×0.5°and 2°×2°grids for each crustal parameter in the databases. The interpolation algorithm was chosen after a comparison between different techniques (such as standard krigging). In all cases, the nearest neighbor algorithm was used as interpolation method, since it provides better amplitude preservation, particularly of small-size, high-amplitude anomalies, which is important in the tectonically complex and geologically heterogeneous region. Interpolated values were verified with the original seismic models; strongly distorted values were corrected in accordance with seismic models available within a 100 km radius.
In some low quality profiles, the internal crustal boundaries are discontinuous with lateral gaps up to 200-300 km. Such gaps in crustal parameters are filled with information from the closest (sometimes crossing) high quality profiles, if nearer than 100 km. In rare cases, with large data gaps, the standard average velocity of the crustal layer is assigned to points with incomplete velocity information. In regions with several closely spaced or intersecting crustal profiles, weighted interpolation is used, with the weight factor corresponding to the model quality (Table 1) .
Given the relatively dense data coverage over the entire Siberia, there is no need to incorporate geologic/tectonic information into the interpolation; consequently the maps presented below can be directly compared to geological and tectonic structure of the region. Some major tectonic structures (the Viluy rift, the Anabar and Aldan-Stanovoy shields) are crossed by few seismic profiles only; for this reason their areal extent as reflected in the crustal maps is not fully constrained.
Crustal parameters are publically available at both grids. Small interpolation radius produces minimum artifacts, but leaves "white spots" in regions without seismic coverage. Interpolation on a uniform 2°× 2°grid is a compromise between filling the gaps without crustal information and preserving the amplitudes and, where applicable, the shapes of the anomalies. All maps shown in this paper are produced with 2°× 2°interpolation of the corresponding crustal parameters. The uncertainty associated with such type of interpolation is analyzed in detail in the companion paper (Artemieva and Thybo, 2013-this volume) . (Fig. 4) . It is exposed in a few areas only: (i) the Anabar Shield in the north-central part; (ii) the Olenek High in the north-eastern part; (iii) the Yenisey ridge in the west; (iv) two areas in the Biryusa block in the south-west of SC; (v) the Aldan-Stanovoy block in the south-east. The boundaries of the crustal blocks are constrained chiefly by magnetic anomalies and isotope ages (Rosen, 2002) as most of the craton is covered by a thick layer of Riphean-Phanerozoic sediments and by Permo-Triassic flood basalts in the north-west.
The West Siberian basin (WSB)
The West Siberian basin (WSB) is a gigantic sedimentary basin that extends ca. 2500 km from north to south and 1000 to 1900 km from west to east and covers an area comparable to the Siberian Craton (~3.5 × 10 6 km 2 ). The thick sedimentary cover of the WSB hosts some of the world's largest natural gas and oil fields below an almost flat topography. The WSB is bounded by Paleozoic-Mesozoic orogens in the west, south, and southeast, and by the Siberian craton in the east. The northern extent of the WSB forms a shelf that extends for more than a thousand kilometers into the Arctic ocean. The tectonic origin of the shelf is presently under intensive investigation, and it is thought to consist chiefly of a Neoproterozoic fold belt (Drachev et al., 2010) .
Potential field data indicate that the basement of the WSB is a collage of terranes ranging in age from 1800 to 1600 Ma to the Mesozoic. Up to eight buried Precambrian blocks are interpreted in the basement of the central and southern West Siberian basin, mostly from potential field studies (e.g. Aplonov, 1995) . The Uvat-Khantymansiysk median massif is the largest (Figs. 5, 6 ) and is often described as a (Meso-)Proterozoic microcontinent (Bekzhanov et al., 1974) . However, isotope ages are sparse and the exact age and size of this lithospheric block are highly speculative (Surkov and Smirnov, 2003) . Data from at least 30 deep boreholes that reach the WSB basement provide evidence for Proterozoic (chiefly undefined) basement ages along the northern margin of the WSB (Aplonov, 1988 (Aplonov, , 1995 Bochkarev et al., 2003; Peterson and Clarke, 1991; Surkov and Zhero, 1981) . The oldest absolute age of ca. 750 Ma is reported at the south-western part of the Ob Guba bay (ca. 64-68N/64-72E) and basement ages of ca. 650-500 Ma are reported for the north-eastern part of the WSB (at 70N/84E and at 65-67N/86-90E) (see summary by Aplonov, 1995) .
Presently, Paleozoic crust makes 2/3 of the WSB and includes two major orogenic provinces: the Caledonian block in the south (part of the Proterozoic-Paleozoic Kazakhstan orogenic belt) and the Hercynian block in the central-western parts of the WSB. By Caledonian and Hercynian we refer to deformation events that occurred at ca. 500-400 Ma and 350-300 Ma, respectively.
Major tectonic events
To simplify further discussion of the crustal structure by tectonic settings and its link to regional geodynamic processes, we summarize briefly the tectonic history of the regions (Figs. 4, 5) . A simplified tectonic map of the basement based on a set of geophysical, geological and geochronological studies is presented in Fig. 6 . In the present study we follow the widely used Russian Proterozoic stratigraphic scheme, largely constrained by the Siberian stratigraphic sequences (Table 4) . 4.2.1. Main Archean-Paleoproterozoic events (3.6-1.7 Ga)
The basement ages of the SC are chiefly Archean (3.25-2.5 Ga), except for the Olenek province in the north-eastern part of the craton (2.4-1.85 Ga) (Rosen et al., 1994) . The Paleoproterozoic Akitkan and the Angara orogenic belts are formed by a strongly deformed Archean crust and some juvenile Paleoproterozoic crust (Gladkochub et al., 2006) . The SC was assembled at ca. 2.6-1.8 Ga by collisions of several Archean and Paleoproterozoic terranes, with related major tectonic and metamorphic events at ca. 2.1-1.8 Ga (Gladkochub et al., 2006; Rosen, 2003) . Final stabilization of the SC took place at ca. 1.9-1.8 Ga when large volumes of collisional granites intruded over a significant part of the craton, including the Tunguska province, the Angara fold belt, and the collisional zones between major terranes (Jahn et al., 1998; Nutman et al., 1992; Rosen et al., 1994; Zhao et al., 2002; Zonenshain et al., 1990) . 4.2.2. Main Meso-and Neoproterozoic events (1.7-0.65 Ga)
Intracratonic rifting of the Paleoproterozoic protocontinent along the southern margins of Siberia (~1.73-1.68 Ga) (Gladkochub et al., 2006) was followed by rifting both to the east and west of the Anabar Shield (Milanovskiy, 1996) . Post-rifting general subsidence of the craton took place at around 1.6 Ga, with an overall thickening of the Riphean successions towards the western side of the craton (Pisarevsky and Natapov, 2003) .
The Baikalian orogeny (860-630 Ma) marks the beginning of a common evolution of the SC and the WSB. The Baikalian foldbelt was formed along the western margin of the SC by collision and accretion of terranes, including the Yenisey Ridge island arc and ophiolite belt complex (Vernikovsky et al., 2003) . In the north, the collision of the SC with the Taymyr island-arc terrane formed the Taymyr Baikalides. The formation of the deep Yenisey-Khatanga trough began at the same time .
Extensive magmatic activity with widespread mafic dyke swarms (780-740 Ma) affected the southeastern and southern parts of the craton (Gladkochub et al., 2006) . Neoproterozoic intracratonic rifting was possibly related to the break-up of Rodinia (Zonenshain et al., 1990) . These processes led to rapid Late Riphean subsidence of the craton with the formation of ca. 1-4 km deep basins within the craton Aplonov, 1995; Arkhipov, 1971; Artyushkov and Baer, 1986; Baldin, 2001; Bazanov et al., 1976; Courtillot et al., 2010; Davis et al., 1980; Drachev et al., 1998; Fedorenko et al., 1996; Fokin et al., 2001; Ilupin et al., 1990; Khain, 2001; Klets et al., 2006; Kontorovich et al., 1975; Kushnir, 2006; Logatchev and Zorin, 1987; McKerrow et al., 2000; Metelkin et al., 2007; Milanovskiy, 1996; Nikishin et al., 1996 Nikishin et al., , 2010 Parfenov and Kuzmin, 2001; Pavlov, 1995; Prokopiev et al., 2008; Reichow et al., 2002; Rudkevich, 1974; Sengör et al., 1993; Surkov and Zhero, 1981; Vernikovsky, 1996; Vyssotski et al., 2006; Wooden et al., 1993; Zhuravlev, 1986; Zonenshain et al., 1990; Zorin et al., 2003 . Fig. 4 . Summary of the Precambrian tectonic evolution of Siberia. Data sources: Aplonov, 1995; Bekzhanov et al., 1974; Bradley, 2008; Gladkochub et al., 2006; Jahn et al., 1998; Milanovskiy, 1996; Nikishin et al., 2010) ; Nutman et al., 1992; Pisarevsky and Natapov, 2003; Rosen, 2003; Rosen et al., 1994; Sklyarov et al., 2001; Surkov and Smirnov, 2003; Vernikovsky et al., 2003; Zhao et al., 2002; Zonenshain et al., 1990. and 10-14 km deep basins along the cratonic margins (Sklyarov et al., 2001) . The only major areas that have not experienced the Riphean subsidence are the Aldan-Stanovoy block, the Anabar shield, and the NepaBotuoba block. By ca. 650 Ma, the inner parts of the craton were again uplifted above sea level.
Major Vendian-Silurian events (650-400 Ma)
Large-scale subsidence of the entire SC and, in particular, the Tunguska basin, was caused either by the Baikalian orogeny or by a thermal (post-rift) subsidence , although there is no evidence of a rift structure. Formation of passive margins along the northern, western, and eastern margins of the SC resulted in deposition of up to 2 km of salt in the inner parts of the craton (e.g. in the Irkutsk amphitheater) (Khain, 2001; Milanovskiy, 1996) .
In the WSB, long-lasting Vendian rifting affected the south-western part of the basin and the area along the Urals. The active rifting ended by the opening of the Khanty-Mansi Ocean between Siberia and Baltica. The Ordovician collision of Siberia and Baltica closed the KhantyMansi Ocean and initiated the Ural Ocean (Sengör et al., 1993) . Wide spread subduction-accretion orogenic events took place in the southcentral part of the WSB.
Major Devonian-Permian events (400-250 Ma)
A large-scale Devonian thermal event formed (or reactivated) the 600 km long and wide Viluy rift system in the eastern part of the SC. The rifting was accompanied by substantial mafic and kimberlite magmatism (Courtillot et al., 2010; Parfenov and Kuzmin, 2001) , with formation of the West Yakutian diamondiferous kimberlite province at 367-345 Ma at the western end of the Viluy rift (Davis et al., 1980; Ilupin et al., 1990; Rosen et al., 2005) . Early-Carboniferous rifting has also affected the Olenek block. Extensive kimberlite magmatism within the SC at 380-240 Ma formed major kimberlite fields, probably along pre-existing lithospheric sutures (Davis et al., 1980; Ilupin et al., 1990) .
The southern parts of the Siberian craton were subject to largescale intraplate deformation, probably in response to the collision of the North China block with Siberia , and caused uplift of the Nepa-Botuoba swell. Significant subsidence of the Tunguska basin in the Early-Middle Carboniferous.
Collisional tectonics at the northern, western and southern margins of the WSB, and at the southern margin of the SC was governed Aplonov, 1995; Rosen, 2003; Sengör et al., 1993; Surkov and Smirnov, 2003 .
Table 4
Correspondence between the widely used Russian Proterozoic stratigraphic scheme largely constrained by stratigraphic sequences of the Siberian craton (Semikhatov, 1991) and the International Time Scale (Gradstein et al., 2012 by large-scale collision between the European, Kazakhstan and Siberian paleocontinents (Khain, 2001 ). In the north, the Kara terrane collided with the northern margin of the Siberian paleocontinent (Vernikovsky, 1996) . In the west, the collisional events formed the Urals (e.g. Fokin et al., 2001; Nikishin et al., 1996) . In the south, collision of the WSB with the Precambrian Kazakhstan blocks led to a widespread emplacement of granitic batholiths (280-260 Ma) and to high-grade metamorphism in the south-central part of the WSB (Surkov and Zhero, 1981) .
Major Triassic events (250-200 Ma)
Large-scale rifting affected the axial part of the WSB at the initial stage of the Pangaea break-up (Kontorovich et al., 1975; Surkov and Zhero, 1981) ; it formed a network of sublongitudinal rifts (Pavlov, 1995) and reactivated the Yenisey-Khatanga trough at the northern margin of the SC (Aplonov, 1995) . Major basin-scale rapid post-rift compositional and/or thermal subsidence took place in the Jurassic (Artyushkov and Baer, 1986) . Flood basalt magmatism (Siberian trap or Siberian LIP) took place in the WSB and the SC at 250 Ma. Fig. 7 . Maps showing the depth to Moho (a), thickness of the crystalline (consolidated) basement (b), and thickness of sediments (c). The traps and the underlying high-velocity metasediments (Vp > 6.1 km/s) are considered to be a part of the crystalline crust. Map (c) is based only on the profiles listed in Table 3 and does not incorporate existing abundant industrial (but largely inaccessible) borehole data. For this reason map (c) may be less accurate and with a lower resolution than regional maps based on borehole data (in particular for the WSB and the Viluy basin). The map for the thickness of the crystalline basement (b) can be interpreted as showing the difference between the depth to the Moho (a) and thickness of the sediments (c). However, due to the aforementioned limitations of our database for the thickness of sediments, the map (b) was in practice constrained directly from seismic data and independently from the maps (a) and (c). All maps are produced by a nearest neighbor interpolation (chosen to preserve the true amplitudes) with a 2°× 2°interpolation radius (chosen to cover the "white spots", see details in Section 3.4). Information for the Urals is not shown (see maps in Artemieva and Thybo, present volume). Dotted lines-tectonic boundaries (see Figs. 1 and 6 ).
The estimates of volcanism duration range from 1 Ma to 50 Ma (Al'mukhamedov et al., 1998). The Siberian traps cover approximately 40% of the Siberian craton with an average lava thickness of ∼3500 m (locally >6 km) (e.g. Fedorenko et al., 1996; Wooden et al., 1993 ) and thinning to a few tens of meters towards the southeast (Vyssotski et al., 2006) . A substantial part of the Siberian LIP is buried beneath the West Siberian basin (where basalts are not limited to the major grabens) and the Yenisei-Khatanga trough. The areal extent of basalts beneath the WSB is not well constrained (Reichow et al., 2002; Zhuravlev, 1986) . Basalts are also found in the Taimyr Peninsula and may extend beneath the Kara Sea (Vyssotski et al., 2006) .
A new pulse of kimberlite magmatism (245-240 Ma) affected the north of the SC along the eastern margin of the Anabar shield. The presence of a belt of alkali-ultramafic intrusions with carbonatites (younger than the Siberian traps) to the west of the Anabar Shield suggests some extensional tectonics, although there is no geological or geophysical evidence for Triassic rifting of the Siberian craton.
Major Jurassic-Cretaceous events (200-65 Ma)
Rapid post-rift subsidence of the WSB took place in the Middle Jurassic with the formation of a few km deep basin. Large scale subsidence of the Yenisey-Khatanga series of basin depressions (Baldin, 2001) led to deposition of Jurassic-Palaeogene sediments with a total thickness ranging from 3 to 5 km in the basins to more than 12 km on the shelf (Kushnir, 2006) .
In the SC, rapid post-rift subsidence took place in the Viluy basin. Kimberlite volcanism at 170-140 Ma occurred along a possible Devonian rift at the eastern part of the Olenek terrane (Milanovskiy, 1996) . Collisional tectonics shaped the eastern (the Verkhoyansk-Chukchi Orogeny) and southern (the Altai-Sayans orogeny) margins of the SC (Klets et al., 2006; Metelkin et al., 2007; Milanovskiy, 1996; Parfenov and Kuzmin, 2001; Prokopiev et al., 2008; Zonenshain et al., 1990) .
Major Cenozoic events (b65 Ma)
The collision of Eurasia with India caused a wide-spread uplift of the WSB as a response to far-field tectonic forces. The Eurasian collision is also responsible, at least in part, for the formation of the Baikal rift at about 30-35 Ma at the suture between the Siberian craton and the Amurian plate (Arkhipov, 1971; Logatchev and Zorin, 1987; Nielsen and Thybo, 2009a,b; Rudkevich, 1974; Thybo and Nielsen, 2009; Zorin et al., 2003) . There is no evidence for a recent uplift of the Siberian craton, except perhaps for the Anabar Shield (Bazanov et al., 1976) .
Results and discussion
Our compilation of crustal seismic models for Siberia forms the basis for the new regional crustal model, SibCrust, illustrated in Figs. 7-13. Based on these maps, crustal cross-sections, and histograms we next describe major features of the crustal structure of Siberia in relation to tectonic setting, from the Archean blocks to Phanerozoic provinces. Rifted crust of the SC and the WSB is discussed separately in Sections 5.3 and 5.5.
Archean crust
Crustal structure of the Siberian craton
The oldest terranes of the Siberian craton show significant variations in crustal thickness, from 32 to 54 km (Figs. 7a, 9a) . The thinnest crust is associated with paleorifts, such as the Viluy rift (see Section 5.3). The thickest crust (>45 km) is observed in three parts of the craton. Two blocks with thick crust correspond to the sublongitudinal suture between the Tunguska and Magan terranes of the SC, and to the Aldan Shield-Stanovoy terrane in the south-eastern part of the craton. The third block includes the area south of the Anabar shield (ca. 65-67°N) with more than 50 km thick crust that extends further westwards into the Tunguska basin. There are no seismic profiles across the central parts of the Anabar shield (Fig. 3) , and one cannot exclude that the crust may also be thick there.
A sublatitudinal block of thick Archean crust in the north-central part of the SC (ca. 65-67°N) has a Moho depth of > 45 km and locally reaches 54 km (due to the small size of these blocks, they are not well resolved in Fig. 7a ). Around the Anabar shield, where the thickness of sediments does not exceed 1-3 km (Fig. 7c) , the consolidated basement is generally thicker than 40-45 km (Fig. 7b) . Many other parts of the SC where the Moho depth is close to the global average, 40-44 km, have experienced crustal extension and/or thermal subsidence in Proterozoic-Paleozoic time. The thickness of sediments in the SC varies from near-zero values in areas of exposed basement (the Anabar shield and the Aldan shield) through 3-4 km in most of the inner parts of the craton, to extreme values of more than 15 km in the axial part of the Viluy rift. Note that the map of thickness of sediments (Fig. 7c) is constrained only by published seismic models along the crustal-scale profiles, whereas shallow industrial seismic models are unavailable to the authors. For this reason, the map cannot be used as a high resolution constraint; we estimate the general accuracy to be ca. 1-2 km, but with larger local uncertainty.
The Tunguska basin is covered by a thick basalt sequence of the Triassic traps which overlies older sediments and, in some places, is covered by younger sediments. Note that in the SibCrust model, which is based on seismic velocity information, the traps and the underlying high-velocity metasediments (Vp > 6.1 km/s) are considered to be a part of the crystalline crust, given that the boundary P-wave velocity between the sediments and the basement rocks is adopted as 5.8 km/s. For this reason, thickness of sediments in the Tunguska basin incorporated into the SibCrust model is different from the values based on geological sections (e.g. Nikishin et al. (2010) report a ca. 8 km thickness of the Vendian-early Carboniferous deposits in the Tunguska basin). Besides, it also results in a large thickness of the upper crust (ca. 15 km) in the Tunguska basin (Fig. 10a) .
Although, on the whole, the entire crustal structure of the SC is highly heterogeneous, the Archean-Paleoproterozoic crust has a three-layer structure typical of stable continents (Meissner, 1986) with an approximately equal thicknesses of the three layers. Typical thicknesses of the upper (UC), middle (MC), and lower crust (LC) are ca. 15 km, 15-20 km, and 10-20 km, respectively (Figs. 10-12 ). The conclusion that the Archean crust is thinner than the Proterozoic crust because it has a reduced thickness of (or even lacks) a high-velocity lower crustal layer (Durrheim and Mooney, 1991) is not supported by seismic models for the Siberian craton, since the crust is thick and the lower crust beneath the Archean terranes of the Siberian craton is present everywhere as a 10-20 km thick layer. Furthermore, substantial parts of the Archean crust in Siberia include a high-velocity lowermost crust LMC (Vp > 7.2 km/s) (see profile BB′ in Fig. 12) .
As an example, we discuss the structure of the crust in the Tunguska basin. By crustal structure, the Tunguska basin can be divided into two domains with Moho depths of 45-50 km in the north and ca. 40-45 km in the south. The thickness of the sedimentary cover, in contrast, increases from north to south. As a result, in the north the thickness of the crystalline basement exceeds 40 km and the crust has average velocity of >6.3 km/s, whereas in the southern domain the basement is thinner (ca. 35-40 km) and the average crustal velocity is low (6.0-6.3 km/s) (compare Figs. 7c and 8a) . The middle crust is the thickest in the north-central parts of the Tunguska basin, locally reaching ca. 20 km in thickness, whereas in the southern parts it generally thins to 5-10 km (Fig. 10a) . The central-axial part of the basin (in the area filled by Triassic trap basalts) is underlain by a high-velocity LMC (Fig. 10d ) and a high-velocity upper mantle with a Pn velocity of 8.3-8.5 km/s (Fig. 13) . It is unclear if this anomaly can be related to a speculative Riphean rift that extends from the northernmost part of the Nepa-Botuoba swell towards the Viluy rift (Sokolov, 1989) and spatially correlates with the region with high Pn velocities.
Within the SC, a high-velocity LMC is also observed at the Proterozoic suture zones of the Anabar province (including the areas of the Devonian kimberlite fields) (Fig. 10d) . Given the spatial correlation of the LMC layer with areas affected by Proterozoic-to-Paleozoic magmatism, we speculate that the high-velocity layer at the base of the crust could have been formed by magmatic underplating and its age may be at least a few hundred millions years old (e.g. Clowes et al., 2002; Korsman et al., 1999; Thybo and Artemieva, 2013-this volume) . Except for the rifted crust of the Viluy basin and the Yenisey-Khatanga trough, regions where the LMC layer is present have a thick crust (Fig. 7a) . Physical conditions favorable for the preservation of a thick crust without being delaminated are probably provided by very low crustal temperatures as reflected in extremely low heat flow in much of this region, 18-25 mW/m 2 (Artemieva and Mooney, 2001; Duchkov et al., 1987) which impede the metamorphic reaction from basalt to eclogite phase. Although the true rate of this reaction at low crustal temperatures typical for cratons and, in particular, at dry conditions, is unknown (Artyushkov, 1993) , it is likely that a cold and dry basaltic layer may remain metastable for geologically long time (Artemieva and Meissner, 2012) . Crustal blocks of the SC with thick crust have, as a rule, high average crustal velocity (Fig. 8a) . In particular, it exceeds 6.5 km/s in the Anabar shield and around it, and in the Aldan-Stanovoy terrane. Because of the presence of a thick lower crust in the Anabar province, this crustal block has some of the highest average basement Vp velocities in the SC, 6.7-6.8 km/s (Fig. 8b) . Note that only two seismic profiles cross the marginal parts of the Anabar shield and thus seismic information on its crustal structure remains incomplete.
Upper mantle Pn velocity in the Siberian craton
The velocity structure of the upper mantle in the Archean terranes of Siberia is very heterogeneous with Pn values ranging from 7.9 to 8.8 km/s (Fig. 13) . Both the extremely low and high velocities are unusual for the Archaean cratons. The worldwide average Pn velocity for the shields and stable platforms is 8.13 km/s ± 0.19, whereas values as low as 7.9-8.0 are typical of extended continental crust and rifts (Christensen and Mooney, 1995) . Relatively low Pn values (b 8.05 km/s) are observed at the eastern part of the Yenisey-Khatanga trough as well as around the major Paleozoic kimberlite fields, next to extremely high values of 8.7-8.8 km/s observed in the same area (Suvorov et al., 2006) . Since the global crustal models CRUST 5.1 and CRUST 2.0 assign a constant Pn velocity value of 8.2 km/s to the upper mantle of entire Siberia (both the WSB and the SC), the difference between the true seismic Pn velocity and the value adopted in the global crustal models ranges from −0.3 to +0.6 km/s (Fig. 14b) .
The Siberian craton is unique in having the highest reported Pn velocities of up to 8.8-8.9 km/s around kimberlite fields (Nielsen et al., 1999; Suvorov, 1993; Suvorov et al., 2006; Uarov, 1981) and 8.5 km/s in the axial zone of the Tunguska basin and within the Viluy basin (Pavlenkova et al., 2002) . Until recently, based on the early seismic studies, it was thought that these extremely high velocity values are characteristic of the whole area around the Siberian kimberlite fields. Recent high-resolution seismic studies demonstrate that they appear only in 100 km to >300 km wide segments intersected by regions with normal Pn velocity of 8.1-8.2 km/s (Suvorov et al., 2006 ). The extremely high P-velocity values interpreted in seismic models have not been reported from laboratory measurements on peridotites and therefore, they were for long considered either erroneous or caused by strong (extreme) anisotropy in the subcrustal mantle. However, regional seismic data do not provide conclusive evidence for a significant azimuthal anisotropy in the Siberian craton, despite that the anomalous high Pn has been observed at different azimuths (Nielsen et al., 2002; Pavlenkova, 1996; Suvorov et al., 1999) . Note that this indication does not fully exclude anisotropy as the cause (Suvorov et al., 2006) and recent laboratory studies of Siberian peridotites indicate that a significant upper mantle anisotropy is possible in the Siberian upper mantle (Bascou et al., 2011; Kobussen et al., 2006) . Laboratory measurements of seismic velocity have, so far, been carried out only on three peridotite and two eclogitic mantle rocks from the kimberlite province (Kobussen et al., 2006) . The maximum measured Pn velocity is 8.6 km/s which is less than the highest velocities reported in seismic models (8.8-8.9 km/s). These authors also calculate the theoretical velocities based on the measured mineral composition, grain size and crystal orientation in the samples, by which they find that velocities as high as 9.1 km/s are possible in dunites at the required temperature and pressure conditions. A recent laboratory study by Bascou et al. (2011) of the composition and grain size distribution in mantle xenoliths from the Udachnaya kimberlite pipe (the Daldyn terrane) leads to a similar conclusion. These authors suggest that coarse peridotites have much higher anisotropy than eclogites, in agreement with seismic data from other settings (Wang et al., 2005) , and may yield high (Vp ≥ 8.8 km/s) P-wave velocities in the fast direction. Thus, both experimental studies on rock samples from the Siberian kimberlite province provide indication that the extremely high sub-Moho velocities (Vp > 8.7 km/s) reported from several seismic profiles in the Siberian craton may be better explained by strong anisotropy of coarse peridotites in a horizontally foliated mantle than by the presence of abundant eclogites. In particular, dunites and spinel harzburgites are proposed as the best candidates to explain the extremely large P-wave velocities in the sub-Moho mantle in the kimberlite fields of the Siberian craton (Bascou et al., 2011; Kobussen et al., 2006) . However, it still remains to directly measure such extreme velocities in the laboratory.
Comparison with other cratons and global crustal models
The new regional crustal model indicates that the Archean crust in Siberia is strongly heterogeneous and, in general, much thicker than the global average for the cratonic crust (40-42 km, Mooney et al., 1998) . Similar observations are not unique for Siberia and have been reported for the Archean crust of the Canadian Shield, India, and Southern Africa. Recent seismic studies in the Kalahari craton based on the highresolution SASE data demonstrate that the structure of the crust is strongly heterogeneous with the Moho depth changing over short distances from 31-34 km to 53-57 km (de Wit and Stankiewicz, 2013-this volume; Kwadiba et al., 2003; Nair et al., 2006; Nguuri et al., 2001; Nui and James, 2002; Youssof et al., 2012 Youssof et al., , 2013 . In contrast, the pre-2000 seismic models indicated a relatively thin (ca. 37 km) and uniform crust in the Kaapvaal craton (e.g. de Wit et al., 1992; Durrheim and Mooney, 1991) . Thin crust (30-35 km) is, however, typical for the oldest portions of the West Australian craton, the Pilbara craton and the northern Yilgarn craton (Kennett et al., 2011; Salmon et al., 2013-this volume) .
It is worth mentioning that the seismic database that forms the basis for global statistics on the crustal structure for the ArcheanPaleoproterozoic regions (Mooney et al., 1998) , and therefore for the global models CRUST 5.1 and CRUST 2.0, has been significantly biased by an overweight of available crustal models for Southern Africa and Western Australia reported in the pre-2000 studies, while these models may be non-representative globally or even regionally as in the case of the Kaapvaal. This results in significant differences in the depth to Moho and other crustal parameters between the true crustal structure in Siberia and the global crustal models due to the assignment of parameters by tectonic analogy (Fig. 14a) . Specifically, the true average Vp velocity in the crystalline basement is 0.2-0.3 km/ s higher than in the CRUST 5.1 and CRUST 2.0 models almost everywhere in Siberia (both in the WSB and the SC), with an extreme difference of ca. 0.4-0.6 km/s in the Tunguska basin and the northern part of the WSB.
The Siberian craton is not the only Archean terrane with deep Moho and thick lower crust. Thick crust has also been reported for the Archean West Dharwar craton in southern India, where the crustal thickness varies between 42 km and 60 km; the latter value is observed beneath an exhumed granulite terrane, while a thickness of 50 km is reported for the mid-Archean greenstone belt in the craton nucleus that has not been subject to any severe compressive deformation (Mall et al., 2012) . Similar to the Siberian craton, the region with thick Archean crust in India is characterized by low surface heat flow (31 ± 4 mW/m 2 ) (Gupta et al., 2003; Roy and Mareschal, 2011; Roy and Rao, 2003) and high lower crustal (7.4 km/s) and upper mantle Pn velocities (8.35 km/s) (Mall et al., 2012) . Likewise, the presence of a thick crust (around 60 km thick) has been reported for the Archean-Proterozoic suture of the Baltic shield at the boundary between the Kola-Karelian and the Svecofennian provinces (Korja et al., 1993) in a region with low heat flow (Kukkonen, 1998) . In the Canadian Shield, the 800 km long Lithoprobe's SAREX profile from east-central Alberta to central Montana revealed the presence of a 10-25 km thick lower crustal layer with high velocities (7.5-7.9 km/s) beneath the Archean Medicine Hat and Wyoming blocks (e.g. Clowes et al., 2002) . Crustal blocks with the thickest lower crust, interpreted as magmatic underplating caused by Paleoproterozoic tectonic events (for discussion see Thybo and Artemieva, present volume) , correspond to the thickest crust where the depth to Moho is up to 60 km.
Paleoproterozoic crust
Paleoproterozoic crust forms the Olenek terrane at the northeastern corner of the Siberian craton (Fig. 6) . The principal suture zones between the Archean domains of the SC also have Proterozoic age; they include Proterozoic granites without evidence for the presence of juvenile crust. On the other hand, juvenile Paleoproterozoic crust of island arc origin is well-documented for the Akitkan magmatic fold belt. Paleoproterozoic crust also marks the western margin of the SC, where it outcrops in the Yenisey Ridge.
The Olenek terrane, especially its southern part, is poorly covered by seismic profiles (Fig. 3) . The available seismic models indicate the Moho depth of ca. 43 km decreasing northwards into the extensional crust of the Lena-Anabar trough with a thick sedimentary cover (Fig. 7) . The thickness of the upper crust increases from b 5 km in the north to 10-15 km in the south; the latter may be its original, Proterozoic, thickness. The extended crust in the northeast has a thick (15 km) middle crust, 3-5 km thinner than the MC in the adjacent Archean Anabar block. Beneath the Berikte granite-greenstone massif, that forms the central block of the Olenek terrane, the thickness of the lower crust is 10-15 km and increases to 15-20 km beneath the Khapchan belt in the west and beneath the northeastern part of the Olenek High. Locally, at the suture zones between the Archean and Archean-Proterozoic blocks, the lower crustal thickness increases to 20-25 km (Fig. 10) . No high velocity LMC is observed in the Paleoproterozoic crust of the Olenek province (profile CC′ in Fig. 12) , and the Pn velocity is normal, 8.1-8.2 km/s, slightly lower (8.1 km/s) northwards in the extended crust (Fig. 13) .
The Moho depth around the craton-scale Proterozoic sutures is not uniform and varies from 40 km in the northern parts of the craton near the Yenisey-Khatanga trough to 54 km at two major suture zones, where the deepest Moho in the Paleoproterozoic parts of the studied region is reported. The latter include the central part of the Billyah collision suture between the Anabar and the Olenek provinces (with an anomalously thick LC, 31 km) and the suture between the Archean Daldyn granulite terrane and the Archean Markha granite-greenstone terrane.
The crustal structure of the Paleoproterozoic Akitkan magmatic collisional belt (Fig. 6 ) has been significantly modified by Devonian extensional tectonics and the associated magmatism in the Vilyu rift, and possibly earlier by proposed Neoproterozoic rifting events. The Moho depth is ca. 40 to 44 km and is significantly more shallow than beneath the adjacent terranes (Fig. 7a) . The Akitkan belt is clearly marked by a sharp change in the thickness of the upper crust, which thins in a step-wise manner from 15 km in the adjacent terranes to 10 km in the Akitkan belt (Fig. 10a) . Similar to other Paleoproterozoic blocks, no LMC is observed in the belt, except for a local anomaly probably associated with the Viluy rift.
The crustal structure of the Yenisey Ridge is similar to the Akitkan belt. The crustal thickness is 40-45 km, with a significantly thinned upper and, particularly, middle crustal layers (5-10 km) which is in a strong contrast to the adjacent crustal blocks of the Siberian craton and the Baikalian foldbelt. In contrast, the lower crust in the entire Yenisey Ridge and the adjacent areas is 20-25 km thick, but lacks a high-velocity LMC. The average basement velocity is ca. 6.8 km/s which is in contrast to the crust of the adjacent Tunguska basin (b6.6 km/s). These crustal features are associated with the presence of island arc and ophiolite complexes in the Yenisey Ridge.
On the whole, the Paleoproterozoic crust of the SC has a highly variable crustal thickness ranging between ca. 40 km and > 50 km (Fig. 7) . In comparison to the Archean crust of the SC, the sedimentary cover is much thicker, both UC and MC are thinner, the LC is usually thicker, but no LMC is present (Figs. 10, 12) , and the Pn values are similar to many other stable continental regions worldwide (8.0-8.2 km/s) (Fig. 13) .
The presence of several buried Precambrian blocks under the sedimentary cover of the WSB has been proposed based on potential field studies (e.g. Aplonov, 1995; Bekzhanov et al., 1974) . The largest proposed block, the (Meso-) Proterozoic Uvat-Khantymansiysk median massif, is crossed by several high-quality seismic profiles (Fig. 3) . For this block, seismic models indicate a crustal thickness of 35-40 km, 3-8 km of sediments, thick (10-15 km) upper crust, thin (>10 km) lower crust, absence of the fast LMC layer, and as a consequence a pronounced minima in the average Vp velocity (6.4-6.5 km/s) and the thickness (ca. 32 km) of the crystalline crust (Fig. 7b) .
Rifted crust of the Viluy basin
The central part of the Devonian Viluy rift system (located along the Proterozoic Akitkan magmatic belt) is formed by two major branches (the Kempendyai and the Markha grabens) filled with 5 to 14 km alkaline basalts and sedimentary rocks; radially-arranged mafic to ultramafic dyke swarms are widely present at its periphery (Parfenov and Kuzmin, 2001) . The thickness of the crystalline crust beneath the axial part of the Viluy rift is 16-32 km, with the Moho at 35 km depth in the axial part of the rift system, increasing to 45 km depth in the peripheral parts. The UC is the thinnest (0-5 km) and the Moho is the shallowest in the eastern part of the rift. Thin upper crust follows two major branches of the rift, which are separated by a block with 10-15 km thick UC. Local thickening of the UC to 20 km (coincident with thinning of the middle crust to almost zero) is observed between the two major rift branches near their junction. There is no further correlation between the inner structure of the crust and the rift branches. The MC is~10 km thick and LMS is thick (up to 10 km) beneath most of the rift, which may be related to underplating. The average Vp velocity in the crystalline basement of the Viluy basin is locally ca. 6.7-6.8 km/s and is higher than in most of the SC (except for the Anabar block region) (Fig. 8b) . Pn velocities beneath the Viluy basin are high (up to 8.3-8.4 km/s) and are similar to those beneath the Tunguska basin.
Baikalian, Caledonian, and Hercynian fold belts of the WSB
Neoproterozoic crust (mostly formed during the Baikalian orogeny, ca. 850-650 Ma) forms the narrow belt between the WSB and the SC. The crustal structure is better known in the northern part which is crossed by several seismic profiles (Fig. 3) . Crustal thickness in the Siberian Neoproterozoic crust varies between 33 and 45 km, with thin crust (33-40 km) in the extended Pur-Taz basin in the north and thick crust in the south (Fig. 7a) . Crustal thickness decreases from ca. 35 km in the onshore Arctic part of the Baikalian belt to 28-30 km towards the offshore area. Thickness of the sedimentary cover is 0-3 km in the south and 6-16 km thick in the north. The upper crust of the Baikalian fold belt is usually thin (5-10 km, and almost absent in the Pur-Taz basin), whereas the lower crust is thick (> 20 km in some crustal blocks), and the presence of highvelocity lowermost crust is common (Fig. 10) . For example, in the Pur-Taz basin the lowermost crust has velocity of 7.4-7.6 km/s and is 8-16 km thick. As a result, the Baikalian belt is marked by high average basement velocities (6.7-6.8 km/s), which are similar and only slightly lower than in the Yenisey Ridge (Fig. 8b) . The upper mantle Pn velocity beneath most of the Baikalian belt is between 7.9 and 8.1 km/s with a local high of 8.6 km/s in the central part of the belt constrained by one seismic profile only (Fig. 13) .
The Paleozoic collisional crust includes two provinces in the central-western and southern parts of the WSB, which were formed during successive subduction and collision events, involving accretion of island-arcs and micro-continents, regional magmatism and metamorphism. Regions affected by the Caledonian orogeny (the southern parts of the WSB) have a relatively thin crust (ca. 35-40 km) with a highly heterogeneous crustal structure which, in general, is similar to those parts of the Baikalides which did not experience strong extension. Similar to the southern Baikalides, the upper crust is thinned to less than 5 km, whereas the lower crust often exceeds 20-25 km in thickness (Fig. 10) . Consequentially, the average Vp-velocities in the crystalline basement are also high, ca. 6.8 km/s (Fig. 8b) . The Pn velocity shows a mosaic pattern related to the complex geodynamic evolution of the region.
Most of the Hercynides of the WSB have been significantly modified by Triassic rifting and have a ca. 30-35 km thick crystalline crust below a 2-5 km thick sedimentary cover with local deep grabens. The crustal structure of the rifted blocks is discussed in detail in the next section. Structure of the (non-rifted) Hercynian crust along the Urals is very similar to the crust of the (Proterozoic) Uvat-Khantymansiysk median massif: the crust is 35-40 km thick and thickens to 45 km towards the Urals orogen, the sedimentary cover is 1-3 km thick, the upper and middle crust is thick (10-15 km), the lower crust is thin (>10 km), and no high-velocity (Vp~7.2-7.6 km/s) lowermost crustal layer is observed. As a consequence, the average basement Vp velocity is low (6.4-6.6 km/s). The Pn velocity is very heterogeneous and ranges from 7.9 km/s to, locally, 8.5 km/s.
Rifted crust of the WSB
Triassic rifting has significantly affected the crustal structure of the WSB, but to a different extent in different parts of the basin. The crust of the WSB is highly variable but, on the whole, significantly thicker (40 km) than expected from comparison with other large Phanerozoic sedimentary basins around the world (Roberts and Bally, 2012) . Moho deepening (to 43-48 km) is observed mainly along the southern and central Urals and locally at the southern terminus of the Ob rift (Fig. 7a) . Two prominent Moho uplifts (33 km depth) are observed in the southern part of the basin and in the northern part of the Ob rift system. The belt of ca. 42 km thick crust between thin crust in the north and in the south of the WSB approximately corresponds to a small (but the only) topographic anomaly of the WSB, the Sibirskie Uvaly high at ca. 62-63 N (Fig. 1) . This high correlates with the belt of a relatively thick crystalline crust (35-37 km, Fig. 7b ). In general, the thickness of the crystalline crust ranges from ca. 40 km in the southern blocks of the Baikalian and Caledonian orogeny (with local highs of 44 km) to ca. 25 km in local lows in the north (Fig. 7b) .
The Permian-Triassic Ob rift system in the center of the WSB is formed by several rifts, including the Koltogory-Urengoi, Khudosei, Khudottei, Agan, Ust'Tym, Chuzik, and the Irtysh rifts and grabens (Pavlov, 1995) . Except for the Irtysh rift, all major rifts of the West Siberian basin have a N-S or NE-SW orientation and each of them forms a separate graben-up to a few tens of kilometers wide and up to a few hundreds of kilometers long, symmetrical in cross-section, and bounded by steep faults (e.g. Aplonov, 1995) . Importantly, most of the rifts have been mapped mainly by potential field (gravity and magnetic) methods (Allen et al., 2006) . As a result, there are significant differences in the reported geometries and ages of the West Siberian graben system. Regional seismic profiles (mostly shallow exploration) show little evidence for any substantial rift system, except for the Pur-Taz area and the Kara sea where large grabens are observed in shallow seismic models (Peterson and Clarke, 1991; Shipilov and Tarasov, 1998; Vyssotski et al., 2006) .
The present analysis indicates a complicated crustal structure of the Triassic rift system of the WSB. The top of the WSB basement is tilted towards the Arctic ocean; the thickness of the sedimentary cover increases from ca. 2-4 km in the south to more than 10 km at the Arctic coast and to 10-20 km in the Kara Sea basin. A deep basement depression (>12 km) is associated with the Khudosei rift. There is a significant difference in the crustal structure between the northern and southern parts of the rift system with crustal thicknesses of 35-40 km and 40-43 km, respectively. While the northaxial part of the Ob rift system can be clearly traced in the crustal structure by the presence of the high-velocity LMC and low Pn velocity, the southern part of the Ob rift system and the smaller rift branches cannot be distinguished in the seismic models. The most extended crust is observed in the Pur-Gydan depression in the north of the WSB where the upper crust is absent and the high-velocity LMC is anomalously thick (12-17 km) in the central part of the depression. The presence of seismically fast and dense underplating material may provide an efficient mechanism for basin subsidence (Artyushkov and Baer, 1986) , similar to other basins (Sandrin and Thybo, 2008) . Extremely high average basement Vp velocity at the northern border between the SC and the WSB around 80E/70N, at the triple junction of the rift system of the WSB and its extension into the Yenisey-Khatanga trough, indicate the presence of magmatic intrusions in the crust and basaltic underplating. We speculate that this anomaly can indicate the source zone of the Siberian LIP.
The presence of three relict paleo-oceanic basins within the WSB preserved since the closure of the Paleozoic Khanty-Mansi ocean, the Nadym (64-66N/78-80E), Surgut (60-62N/77-80E), and Nyurol (56-59N, 86-89E) has been proposed by a number of authors. Basalts with composition similar to back-arc basins, sampled in few deep boreholes in these basins, were interpreted as ophiolites (Ignatova, 1966) . The borehole data, together with a vertical change in sediment composition, a thin crust with 8-12 km of sediments, and positive gravity anomalies were used to argue for an oceanic origin of these basins (Aplonov, 1995; Demenitskaya, 1975; Ignatova, 1966; Peyve, 1969) .
The present compilation allows for addressing the nature of the crust (continental versus oceanic) in these areas. The Nadym basin is crossed by profile BB′ (at the western end of the profile, Fig. 12 ), whereas the Surgut and Nyurol basins are crossed by profile FF′ (the south-central parts). The crustal structure of the Nadym basin is clearly anomalous as compared to a normal three-layer continental crust, given that the upper granitic crust is thinned to the near-zero values. The origin of the crust in the other two proposed relict basins is more speculative; the upper crust beneath both of them is thinned but still clearly present (Fig. 10a) . The zone of increased average basement P-velocities (Fig. 8b) does not fully correlate with the chain of the proposed relic paleo-oceanic basins. Although seismic models apparently favor interpretation of the crustal structure of, at least the Nadym basin, as oceanic, we consider it a premature conclusion since more data (including deep drill data reaching the basement) are needed to prove the hypothesis.
The upper mantle Pn velocity in most of the WSB is surprisingly high, around 8.2 km/s, with local highs (8.3-8.4 km/s) along the southern and northern parts of the Urals. An isolated high-Pn velocity anomaly (8.4 km/s) in the center of the WSB seems to be unrelated to the major rift systems but rather with the Surgut basin. A belt of low-Pn velocity (≤8.05 km/s) is observed in the northern and eastern parts of the WSB (Fig. 13) ; it spatially correlates with a belt of high (> 6.7 km/s) average basement Vp velocities (Fig. 8b) . Low Pn velocities under the axial part of the Ob rift system may be indicative of presently high upper mantle temperature.
Crustal reflectivity
Increased lower crustal reflectivity has been observed at ten seismic profiles included into the SibCrust model (note that some profiles do not provide information on crustal reflectivity). Regions with observed lower crustal reflectivity include the Yenisey-Khatanga trough, the Lena-Anabar trough, the Tunguska basin, the MirnenskAihal High (Fig. 1) , the southern flank of the Viluy basin, the northern part of the WSB, and the Norilsk region in the north-western corner of the SC. All regions with observed lower crustal reflectivity have undergone major extension or have been significantly affected by trap magmatism, suggesting compositional layering as origin of crustal reflectivity. In contrast, the lower crust of the Precambrian shields (Aldan and Anabar), when crossed by the same profiles, is nonreflective. Moho reflectivity is confidently present at all of the seismic profiles.
Statistical correlation of crustal parameters
We provide a statistical analysis of the crustal structure in order to examine potential correlations between the various parameters and with crustal ages as well as to distinguish possible trends in crustal evolution. As expected, the average crustal velocity increases with the thickness of the lower and lowermost crustal layers and decreases significantly with an increase in thickness of sediments and the upper crustal layer (Fig. 15a) . The thickness of sediments is anticorrelated with the thickness of the crystalline crust and is on average ca. 6 km in regions with thin (ca. 35 km) crust and ca. 2-3 km in regions with ca. 50 km thick crust (Fig. 15b, top line) .
We find indication that all regions with a thick (>45 km) crust have a thick (> 10 km) lower and lowermost crust (Fig. 15b) . Such crust is more common in the SC rather than in the WSB (Fig. 9 ). An increase in the thickness of the lower(most) crust (crustal layers with Vp > 6.8 km/s) usually correlates with an increase in the thickness of the high-velocity (Vp > 7.2 km/s) LMC (Fig. 15c) . The total thickness of the upper and middle crust appears to be anticorrelated with the total thickness of the lower(most) crust. As a result, crustal blocks with very thick lower crust should not necessarily have a deep Moho. Thick LMC, such as observed in the Yenisey-Khatanga and the Ob rifts, is likely to be produced by magmatic underplating, as demonstrated at several active and extinct rift zones Thybo and Nielsen, 2009; Thybo et al., 2000; White et al., 2008) . Intrusion of basaltic magma into the entire crustal column may also be responsible for the apparent UC thinning observed in these and other extensional structures (the Viluy rift) as well as in the Paleozoic orogens: additions of high-velocity material (e.g. sills and dikes, not necessarily distinguishable seismically but often magnetically ) will increase seismic velocities and, as a consequence, the upper crustal layers may acquire seismic velocities typical of the middle crust. This mechanism provides an alternative explanation for the (true or apparent) absence of the upper crust in the Nadym, Surgut, and Nyurol basins, interpreted by some authors as relict oceanic blocks.
Moho depth is generally smaller in the WSB than the SC (Fig. 9a) , as expected for extended basins, and there is a significant difference in thickness of crystalline crust between the two regions, with peak at ca. 32-34 km in the WSB and at ca. 38-40 km in the SC (Fig. 9b) . The average seismic velocity in the entire crust approximately follows the same distribution for the Siberian craton and the West Siberian basin and has a strong bimodal pattern in the WSB with peaks at ca. 5.4 km/s in deep sedimentary basins and at ca. 6.2 km/s in southern parts of the basin (Fig. 9c) . The same peaks are also observed in the SC, where additionally the peak at ca. 6.45 km/s is typical for the shield regions. Considering the thick sedimentary cover with low velocity in the basin, it may be surprising that average crustal velocities are somewhat similar in the WSB and the SC. However, there is a tendency that the average velocity of the crystalline crust is higher in the basin than in the cratonic parts (Fig. 9d) and compensates for the low velocities of the sedimentary sequences. This difference in average basement velocity is probably caused by a relatively higher degree of intrusion of mafic melts into the rifted crust and underplating in strongly extended areas of the WSB, although similar patterns may be expected for the extended crust within the craton.
The middle crust of the WSB and SC is essentially equally thick, whereas in the WSB the upper crust is thinner but the lower crust is thicker than in the SC (Fig. 11) . Thickening of the lower crust in the WSB may indicate magmatic intrusions into the crust and crustal underplating, which causes increased average basement velocity (Fig. 9d) .
We do not observe any direct correlation between the upper mantle Pn velocity and the overall crustal structure. However, the SibCrust model suggests some negative correlation between Pn velocity and the average velocity of consolidated crust (Fig. 15d) . This would favor olivine anisotropy as the origin of the very high Pn velocity, whereas tectono-magmatic activity with high upper mantle temperatures (and, in some cases, with partial melting) is probably responsible for low Pn velocity and magmatic underplating, which eventually leads to the formation of a LMC.
We do not observe significant correlation between the crustal structure and the geological age of the crust (Fig. 16 ). There may be a tendency towards a thicker Archean than younger crust, and a possible decrease of depth to Moho with the age of the crust (Fig. 16a) . However, this pattern is not systematically observed, and there are numerous small scale exceptions. Furthermore, all data points for the Paleoarchean are from the Aldan Foldbelt, which is subject to significant compression during the Phanerozoic. For this reason, the crustal structure of the oldest crustal terrane in Siberia may be non-representative of the Early Archean crust. The only robust trends are a general decrease of the basement thickness from the Precambrian to the Phanerozoic crust (Fig. 16b) , and a pronounced thickening of the lower crust in the Paleoproterozoic-Neoarchean orogens (Yenisey Ridge) and the Baikalides (Fig. 16e) .
Conclusions
We present a new compilation, SibCrust, of the seismic structure of the crust of Siberia (the Siberian craton and the West Siberian Basin) based on all available regional and local controlled-source seismic models and some receiver functions. The quality and reliability of the compiled seismic models are assessed in the database. Since the database is based solely on seismic results, it is suitable for application to the entire multitude of geophysical methods.
1. Our analysis reveals highly heterogeneous regional crustal structure at all scales. A very straightforward correlation is observed between tectonic setting and crustal (Vp) velocity structure.
(a) Stable platform regions (most of the SC) have a ca. 45 km thick basement with a 0-3 km thick sedimentary cover. The crystalline basement is formed by three characteristic crustal layers with approximately the same (ca. 15 km) thickness. The absence of a high-velocity (Vp~7.2-7.6 km/s) lowermost crustal layer is characteristic of stable platform regions in Siberia. We do not find unequivocal seismic evidence for the presence of proposed relic paleo-oceanic crustal blocks within the WSB. (the eastern and southern parts of the WSB) have a b5 km thick UC and 15-25 km thick LC, and consequentially, high average Vp-velocities in the crystalline crust (ca. 6.8 km/s). A lowermost crustal layer (LMC) with very high velocity is common. (d) Regions affected by the Hercynian orogeny (the WSB), but outside of the major rift system, have a ca. 30-35 km thick crystalline crust. The upper and lower crust are normal (10-15 km), and no high-velocity (Vp~7.2-7.6 km/s) lowermost crustal layer is observed. Average Vp-velocities in the crystalline crust are normal (ca. 6.4-6.6 km/s). Similar crustal structure is typical for the suspected Proterozoic Uvat-Khantymansiysk median massif. 2. The Pn-velocity structure of the uppermost mantle is as variable as the velocity structure of the crust. (43.5 ± 3.7 km and 40.6 ± 3.7 km, respectively). The average thickness of the crystalline crust is, however, notably thicker in the SC than in the WSB, with the peaks at ca. 40 km and 32-34 km, respectively. The average velocity for the whole crust of Siberia is ca. 5.95-6.0 km/s, but with the high proportion of regions with velocities > 6 km/s. The average crustal velocity has a bimodal distribution in the WSB and has an additional high-velocity (ca. 6.4 km/s) peak in the shields of the SC. For the crystalline crust, the average velocity is 6.65 km/s with extreme high velocities (6.9 km/s) below the most rifted northern part of the WSB, which may be caused by the presence of , and lower crust (Vp > 6.8 km/s) (e). The tectono-thermal age of the crust is based on data from Artemieva (2006) . Vertical bars show standard deviation. The average values are calculated on a 1°× 1°grid, which corresponds to the resolution of the TC1 model. Note that all data points for the age 3.4 Ga are from the Aldan Foldbelt, while all data points for the age 2.55 Ga are from the Angara Foldbelt.
magmatic intrusions and underplated material, possible associated with the source zone of the Siberian LIP.
Our new compilation of the crustal structure of the West Siberian Basin and the Siberian craton, SibCrust, can be downloaded from [www.lithosphere.info].
